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Description 

[0001] The present invention relates generally to lubricants and more particularly to working fluid conrtpositlons con- 
tained in heat transfer devices which comprise the lubricant and a heat transfer fluid. 

5 [0002] Heat transfer devices of the mechanical compression type such as those used In refrigerators, freezers, heat 
pumps and automobile air conditioning systems are well known. In such devices a heat transfer fluid of a suitable 
boiling point evaporates at low pressure taking heat from a surrounding zone. The resulting vapour is then compressed 
and passes to a condenser where it condenses and gives off heat to a second zone. The condensate is then returned 
through an expansion valve to the evaporator so completing the cycle. The mechanical energy required for compressing 

10 the vapour and pumping the fluid is provided by, for example, an electric motor or an internal combustion engine, 
[0003] The heat transfer fluids used In these heat transfer devices include chlorine containing fluoroalkanes such 
as dichlorodifluoromethane (R-1 2), chlorodifluoromethane (R-22) and mixtures thereof with, for example, fluoroalkanes 
such as 1,1-difluoroethane (R-1 52a). However, such chlorine containing fluoroalkanes have been implicated in the 
destruction of the ozone layer and as a result the use and production thereof is to be severely limited by international 

IS agreement Th'$ use of certain fluoroalkanes and hydrofluoroalkanes in place of the chlorine containing fluoroalkanes 
has been proposed. The fluoroalkanes and hydrofluoroalkanes of particular interest are those compounds which have 
comparable boiling points and other themnal properties to the chlorine containing fluoroalkanes which they are replac- 
ing, but which are also less damaging or benign to the ozone layer. Thus. R-1 2 is generally being replaced by a new 
refrigerant, 1.1,1,2-tetrafluoroethane (R-1 34a). 

20 [0004] Hitherto, heat transfer devices have tended to use mineral oils as lubricaiits. The good solubility of chlorine 
containing fluoroalkanes with mineral oils allows the mineral oil to circulate around the heat transfer device together 
with the chlorine containing fluoroalkane, and this in turn ensures proper lubrication of the compressor. Unfortunately, 
however, the replacement fluoroalkane and hydrofluoroalkane heat transfer fluids such as R-1 34a have different sol- 
ubility characteristics to the chlorine containing fluoroalkanes presently in use and tend to be insufficiently soluble in 

25 mineral oils to allow the latter to be used as lubricants. Consequently, numerous alternative lubricants such as poly- 
oxyalkylene glycols terminating in hydroxyl and other groups, esters of polyols with mono- and polyfunctional acids, 
and halo substituted esters and ethers have been proposed as lubricants for use with the replacement heat transfer 
fluids. 

[0005] Unfortunately, R-t34a cannot be used as a direct replacement for certain of the refrigerants which are pres- 
30 ently in use such as R-22 and R-502 (an azeotropic mixture of R-22 and chloropentafluoroethane R-11 5) since It does 
not possess comparable boiling characteristics and thennal properties. It has thus been proposed that existing refrig- 
erants such as R-22 and R-502 be replaced by refrigerant mixtures comprising two or more refrigerants selected from 
the fluoroalkanes and hydrofluoroalkanes. Particular mention may be made of binary mixtures of refrigerants such as 
R-1 34a and difluoromethane (R-32) or R-32 and pentafluoroethane (R-1 25). Unfortunately, these refrigerant mixtures 
35 are also not sufficiently soluble in mineral oils to allow the latter to be used as lubricants. Moreover, the mlscibllity and 
solubility of an alternative lubricant with one component of the mixture, for example with R-1 34a, does not mean that 
such a lubricant will also be miscible and soluble with the refrigerant mixture itself. In consequence, the development 
of a lubricant which exhibits acceptable lubricating properties In a heat transfer device utilising a refrigerant mixture 
presents a very real problem. 

40 [0006] WO91/09090 discloses a composition for use in compression refrigeration comprising from 10 to 100% 
1 , 1 ,2,2-tetrafluoroethane with at least one of 1 ,1 , 1 ,2-tetrafluoroethane and pentafluoroethane as refrigerant mixed with 
a mono or di-functional polyalkylene glycol based on at least 80% propylene oxide having an SUS viscosity at 100°F 
of 100 to 1200. 

[0007] EP-A-448 402 discloses a reftigerator lubricant composition comprising an ester compound obtained from a 
4S fatty acid having 2 to 6 carbon atoms and a neopentyl polyol and 0.01 to 25% by weight of an epoxy compound. 

[0008] EP-A-435253 discloses a refrigerator oil for use with a hydrogen-containing halogenocariDon refrigerant com- 
prising at least one kind of an ester selected from an ester of trimethylolethane or pentaerythritol with a mono or 
dicarboxylic acid, an ester of ethylene glycol with a dicarboxylic acid and an ester of a neopentyl polyol, a monocar- 
boxylic acid and a dicarboxylic acid. 
50 [0009] JP 3170585 Is concerned with a working fluid containing at least three hydrofluorocarbons. at most 60% by 
weight of difluoromethane, at most 85% by weight of pentafluoroethane and 1 5 to 80 % by weight of tetrafluoroethane. 
The composition may be used as a substitute for monochlorodifluoromethane. 

[001 0] WO 92/1 8580 discloses a composition for use in refligeration and air-conditioning comprising a) a hydrofluor- 
ocarbon refrigerant selected from the group consisting of difluoromethane. pentafluoroethane and mixtures thereof; 
55 and b) a sufficient amount to provide lubrication of at least one lubricant selected from the group consisting of a dihy- 
droxy polyoxyalkylene glycol having dihydroxy functionality, a polyoxyaikylene glucol having at least one fluorinated 
alkyl group on at least one end thereof, and a specified fluorinated silicone. 

[0011] EP-A-509673 discloses a reft-lgerant comprising a ternary or higher mixture of; a) tetrafluoroethane and/or 
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heptafluoropropane; b) difluoromethane and/or 1,1,1-trifluoroethane; and optionally c) pentafluoroethane. 

[001 2] WO 92/1 8580 and EP-A-509673 were published after the filing date of this application and in so far as they 

constitute prior art, are relevant only to novelty under Article 54(3) EPC. 

[0013] It has now been found that if a prospective lubricant is at least partially soluble in each component of the 
refrigerant nnixture then it will be at least partially soluble in the refrigerant mixture itself, thereby enabling its use as a 
lubricant with that mixture. Such a lubricant may provide an acceptable lubricating action even If It Is immiscible with 
one or moos of the components of the refrigerant mixture or with the refrigerant mixture Itself. 
[0014] According to the present Invention there is provided in a first aspect a working fluid composition comprising 

(A) a heat transfer fluid comprising a mixture of at least two hydrofluoroalkanes selected from the group consisting 
of difluoromethane, 1,1,1,2-tetrafluoroethane and pentafluoroethane; and 

(B) a sufficient amount of a lubricant to provide for lubrication of a compressor wherein the lubricant is at least 
partially soluble in each component of the heat transfer fluid and comprises one or more compounds of general 
formula: 



0 

R(0 • C - R^^ II 



wherein 



R is the hydrocarbon radical remaining after removing the hydroxyl groups from pentaerythritol, dipentaeryth- 
rltol, tripentaerythritol. trimethylol ethane, trimethylol propane or neopentyl glycol or the hydroxyl containing 
hydrocarbon radical remaining after removing a proportion of the hydroxyl groups from pentaerythritol, dipen- 
taerythritol, tripentaerythritol, trimethylol ethane, trimethylol propane or neopentyl glycol; 
each Ri is, independently, H, a straight chain (linear) aliphatic hydrocarbyl group, a branched aliphatic hydro- 
carbyl group, or an aliphatic hydrocarbyl group (linear or branched) containing a carboxylic acid or carboxylic 
acid ester substituent, provided that at least one R^ group is a linear aliphatic hydrocarbyl group or a branched 
aliphatic hydrocarbyl group; and 
n is an integer. 

[0015] The heat transfer fluid may comprise two, three or more components. Preferred hydrofluoroalkanes and fluor- 
oalkanes are selected from the group consisting of difluoromethane (R-32). 1,1,2,2-tetrafluoroethane (R-134), 
1.1,1 ,2-tetrafluoroethane (R-1 34a), pentafluoroethane (R-1 25). 1 .1-difluoroethane (R-1 52a). 1 .1 ,1-tri.fluoroethane (R- 
143a) and 1 ,1 .2.trifluoroethane (R-143) provided that at least 2 such fluids are selected from R-32, R-1 34a and R-125. 
[0016] One suitable heat transfer fluid comprises a mixture of R-32 and R-125. Such a mixture may comprise equal 
proportions of each component on a weight basis. 

[0017] The present invention Is particulariy concerned with the provision of a working fluid composition which provides 
a useful replacement for the working fluids presently in use which comprise R-22 or R-502 as the refrigerant and a 
mineral oil lubricant. A particularly desirable working fluid compositfon in this respect Is one which comprises : 
45 (A) a heat transfer fluid comprising a mixture of: 

(1) 1,1,1,2-tetrafluoroethane;^ 

(2) at least one hydrofluoroalkane selected from the group consisting of difluoromethane (R-32) and 1 ,1 ,1-trifluor- 
oethane (R-143a): and optionally 

50 (3) pentafluoroethane (R-1 25); and 

[0018] (B) sufficient to provide lubrication of a lubricant which is at least partially soluble in each component of the 
heat transfer fluid as described in the first aspect of the invention. The 1,1,1,2-tetrafluoroethane (R.134a) may also 
contains 1.1,2.2-tetrafluoroethane (R-1 34) as desired. Preferably, however, the tetrafluoroethane is a single isomer. 
55 and more preferably Is R-1 34a, 

[0019] Although the heat transfer fluid may comprise more than three components, it is preferably a binary or ternary 

mixture. The.mixture may be an azeotrope or near-azeotrope, but will normally be zeotropic. 

[0020] In one preferred embodiment of the present invention, the heat transferfluid is a binary mixture consisting 
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essentially of R-134a and R>32. Such a mixture provides a particularly suitable replacement for the R-22 refrigerant 
which has been used hitherto in commercial refrigeration systems and related heat transfer devices. Preferably, such 
a mixture comprises from 45 to 75 % by weight, more preferably from 65 to 75 % by weight of R-134a and from 25 to 
55 % by weight, more preferably from 25 to 35 % by weight of R-32. A particularly preferred binary mixture comprises 
5 about 70 % by weight of R-134a and about 30 % by weight of R-32. 

[0021] In a further preferred embodiment of the present invention, the heat transfer fluid comprises a ternary or higher 
mixture of: 

(1) R-134a and optionally R-134: 
10 (2) at least one hydroftuoroalkane selected from the group consisting of R-32 and R-143a; and optionally 

(3) R-125. provided that at least 2 such fluids are selected from R-32, R134a and R125. 

[0022] Such a heat transfer fluid provides a suitable replacement for the R-22 and R-502 refrigerants which have 
been used hitherto in commercial refrigeration systems and related heat transfer devices. 
15 [0023] Particulariy suitable ternary heat transfer fluids may be selected from: 

(a) R-134a + R-32 + R-143a; 

b) R-134a + R-32 + R-125; 

c) R-134 + R-32 + R-125; 

20 d) R-134a + R-143a + R-125; and 

[0024] A particulariy preferred heat transfer fluid comprises a mixture of: 

(1) R-134a or R-134, especially R-134a; 
25 (2) R-32 or R-143a. especially R-32; and 

(3) R-125. 

[0025] Such heat transfer fluids provide a particulariy suitable replacement for R-22 and R-502. 
[0026] One particulariy prefen^ed ternary heat transfer fluid for replacing R-22 is a mixture consisting of: 

30 

(1 ) 55 to 65 % by weight, particularly about 60 % by weight of R-134a; 

(2) 25 to 35 % by weight, particularly about 30 % by weight of R-32; and 

(3) 5 to 15 % by weight, particulariy about 10 % by weight of R-125. 

35 [0027] Another particulariy prefen^ed ternary heat transfer fluid for replacing R-22 is a mixture consisting of: 

(1 ) 25 to 35 % by weight, particularly about 30 % by weight of R-134a; 

(2) 45 to 55 % by weight, particulariy about 50 % by weight of R-32; and 

(3) 15 to 25 % by weight, particulariy about 20 % by weight of R-125. 

40 

[0028] One particulariy preferred tennary heat transfer fluid for replacing R-502 is a mixture consisting of: 

(1) 45 to 55 % by weight, particulariy about 50 % by weight of R-134a; 

(2) 25 to 35 % by weight, particulariy about 30 % by weight of R-32; and 
45 (3) 15 to 25 % by weight, particulariy about 20 % by weight of R-125. 

[0029] Another particulariy prefen-ed ternary heat transfer fluid for replacing R-502 is a mixture consisting of: 

(1) 45 to 55 % by weight, particularly about 50 % by weight of R-134a; 
50 (2) 35 to 45 % by weight, particularly about 40 % by weight of R-32; and 

(3) 5 to 15 % by weight, particulariy about 10 % by weight of R-125. 

[0030] Ail the percentages by weight quoted above are based on the total weight of the ternary heat transferfluid. 
[0031] Suitable lubricants may be selected from those currently used with R-1 34a provided that the requirement of 
55 partial solubility Is met. 

[0032] Lubricants for use in the worthing fluid compositions of the invention are those selected from the class known 
as neopentyi polyol esters due, inter alia, to their generally high level of thermal stability. Suitable neopentyl potyol 
esters include the esters of pentaerythritol, polypentaerythritols such as diand tripentaerythritol. trimethylol alkanes 
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such as trimethylol ethane and trimethylol propane, and neopentyl glycol. Such esters may be formed with, linear and/ 
or branched aliphatic carboxylic acids, such as linear and/or branched alkanoic acids, or esterifiable derivatives thereof. 
A minor proportion of an aliphatic polycarboxyllc acid, e.g. an aliphatic dicarboxylic acid, or an esterifiable derivative 
thereof may also be used in the synthesis of the ester lubricant in order to increase the viscosity thereof. However, 
where such an aliphatic polycarboxyllc acid (or esterifiable derivative thereof) is employed in the synthesis, it will pref- 
erably constitute no more than 30 mole %, more preferably no more than 10 mole % of the total amount of carboxylic 
acids (or esterifiable derivatives thereof) used in the synthesis. Usually, the amount of the carboxylic acid(s) (or ester- 
ifiable derivative thereof) which is used in the synthesis will be sufficient to esterify all of the hydroxyl groups contained 
in the polyol, but in certain circumstances residual hydroxyl functionality may be acceptable. 
[0033] The neopentyl polyol ester lubricant is one comprising one or more compounds of general formula: 



0 

II 

R(0 - C • Ri)a 



wherein 

R is the hydrocarbon radical remaining after removing the hydroxyl groups from pentaerythritol, dipentaerythritol. 
tripentaerythritol, trimethylol ethane, trimethylol propane or neopentyl glycol, or the hydroxyl containing hydrocar- 
bon radical remaining after removing a proportion of the hydroxyl groups from pentaerythritol, dipentaerythritol, 
tripentaerythritol, trimethylol ethane, trimethylol propane or neopentyl glycol; 

each is. independently, H, a straight chain (linear) aliphatic hydrocarbyl group, a branched aliphatic hydrocarbyl 
group, or an aliphatic hydrocarbyl group (linear or branched) containing a carboxylic acid or carboxylic acid ester 
substituent. provided that at least one R^ group is a linear aliphatic hydrocarbyl group or a branched aliphatic 
hydrocari>yl group; and 
n is an integer. 

[0034] The aliphatic hydrocarbyl groups specified for R1 above may be substituted, e.g. by pendant atoms or groups 
such as chloro, fluoro and bromo, and/or by in chain hetero atoms such as oxygen and nitrogeno Preferably, however, 
such hydrocarbyl groups are unsubstituted and. except in the case where R^ is an aliphatic hydrocaribyl group containing 
a carboxylic acid or carboxylic acid ester substituent, contain only carbon and hydrogen atoms. 
[0035] The ester lubricants of Fonnula II may be prepared by reacting the appropriate polyol or mixture of polyols 
with the appropriate carboxylic acid or mixture of acids. Esterifiable derivatives of the cariDoxylic acids may also be 
used in the synthesis, such as the acyl halides. anhydrides and lower alkyi esters thereof. Suitable acyl halides are 
the acyl chlorides and suitable lower alkyl esters are the methyl esters. Aliphatic polycarboxylic acids, or esterifiable 
derivatives thereof, may also be used in the synthesis of the ester lubricant Where an aliphatic polycarboxylic acid is 
used in the synthesis of the ester lubricant, the resulting lubricant will comprise one or more compounds of Formula II 
in which at least one of the R^ groups is an aliphatic hydrocarbyl group (linear or branched) containing a carboxylic 
acid or carboxylic acid ester substituent. The ability of polycarboxylic acids to react with two or more alcohol molecules 
provides a means of Increasing the molecular weight of the ester formed and so a means of increasing the viscosity 
of the lubricant. Examples of such polycarboxylic acids indude maleic acid, adipic acid and succinic acid, especially 
adiprc acid. Generally, however, only monocartDoxylic acids (or esterifiable derivatives thereof) will be used in the syn- 
thesis of the ester lubricant, and where polycarboxylic acids are used they will be used together with one or more 
monocarboxylic acids (or esterifiable derivatives thereof) and will constitute only a minor.proportion of the total amount 
of carboxylic acids used in the synthesis. Where an aliphatic polycarboxylic acid (or an esterifiable derivative thereof) 
is employed in the synthesis, it wilt preferably constitute no more than 30 mole %. more preferably no more than 10 
mole % of the total amount of carboxylic acids used in the synthesis, with one or more monocarboxylic acids (or 
esterifiable derivatives thereof) constituting the remainder. 

[0036] Usually, the amount of the carboxylic acid(s) (or esterifiable derivative thereof) which is used in the synthesis 
will be sufficient to esterify all of the hydroxyl groups contained in the polyol(s). in which case the resulting lubricant 
will comprise one or more compounds of Fomnula II in which R is the hydrocarbon radical remaining after removing 
the hydroxyl groups from pentaerythritol. dipentaerythritol. tripentaerythritol. trimethylol ethane, trimethyfol propane or 
neopentyl glycol. However, in certain circumstances ester lubricants which comprise residual hydroxyl fijnctionallty 
may be acceptable. Such lubricants comprise one or more ester compounds of Formula II in which R is the hydroxyl 
containing hydrocarbon radical remaining after removing a proportion of the hydroxyl groups from pentaerythritol. dipen- 
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taerythritol, tripentaerythritol, trimethylol ethane, trimethylol propane or neopentyl glycol. Esters containing residual 

(unreacted) hydroxyl functionality are often termed partial esters, and lubricants containing them may be prepared by 
utilising an amount of the carboxylic acid or acids which is insufTicient to esterlfy ail of the hydroxyl groups contained 
in the polyol or polyois. 

6 [0037] It will be appreciated that the neopentyl polyol ester lubricants may comprise a single compound of Formula 
U, Le. the reaction product which is formed between a single polyol and a single monocarboxylic acid. However, such 
ester lubricants may also comprise a mixed ester composition comprising two or more compounds of Formula II. Such 
mixed ester compositions may be prepared by utilising two or more polyois and/or two or more carboxylic acids (or 
esterifiable derivatives thereof) in the synthesis of the ester, or by combining a mixture of different esters each of which 

10 is the reaction product of a particular polyol and a particular carboxylic acid. Furthermore, different mixed ester com- 
positions, each of which has been prepared by utilising two or more polyois and/or two or more carboxylic acids (or 
esterifiable derivatives thereof) in their synthesis, may also be blended together. 

[0038] The preferred neopentyl polyol ester lubricants comprise one or more compounds of Formula II in which R is 
the hydrocarbon radical remaining after removing the hydroxyl groups from pentaerythritol, dipentaerythritol, trimethylol 
IS propane or neopentyl glycol. Particularly prefen-ed alcohols for the synthesis of the ester are pentaerythritol, dipen- 
taerythritol and trimethylol propane. 

[0039] Preferably, each in Formula II is. independently, a linear aliphatic hydrocarbyl group or a branched aliphatic 
hydrocarbyt group. 

[0040] Preferred linear aliphatic hydrocarbyl groups for R^ are the linear alkyi groups, particularly the C3.10 linear 
20 alkyI groups, more particularly the C5.10 ''"ear alkyl groups and especially the Cs^ linear alkyI groups. Examples of 
suitable linear alkyl groups include n-pentyl. n-hexyl. n-heptyl, n-octyl, n-nonyl and n-decyl. Esters containing such 
alkyl groups can be prepared by utilising a linear alkanoic acid in the synthesis of the ester. 

[0041] Preferred branched aliphatic hydrocarbyl groups for R^ are the branched alkyl groups, particularly the C4.14 
branched alkyl groups, more particularly the Cg^ia branched alkyl groups and especially the Cg.io branched alkyl groups. 
25 Examples of suitable branched alkyl groups include isopentyl, isohexyl, isoheptyl, isooctyl, isononyl, isodecyl, 2-ethyl- 
butyl. 2-methylhexyl, 2-ethylhexyl. 3,5.5-trimethylhexyl, neopentyl, neoheptyl and neodecyl. Esters containing such 
alkyl groups can be prepared by utilising a branched alkanoic acid in the synthesis of the ester. 
[0042] In a prefered embodiment of the present invention, the ester lubricant comprises one or more esters of general 
formula: 

30 

0 

11 

^2{0 - C - R3)p 111 

wherein 

40 r2 is the hydrocarbon radical remaining after removing the hydroxyl groups from pentaerythritol, dipentaerythritol 

or trimethylol propane; 

each R3 is. independently, a linear alkyl group or a branched alkyi group: and 
p is an integer of 3, 4 or 6, 

45 wherein one or more of the named polyois, one or more linear alkanoic acids, or esterifiable derivatives thereof, and 
optionally one or more branched alkanoic acids, or esterifiable derivatives thereof, are utilised in the synthesis of the 
ester lubricant. 

[0043] Preferably, a mixture of two or more linear alkanoic acids, in particular two. or esterifiable derivatives thereof, 
are utilised in the synthesis of the ester. More preferably, a mixture of one or more linear alkanoic acids, or esterifiable 
50 derivatives thereof, and one or more branched alkanoic acids, or esterifiable derivatives thereof, are utilised in the 
synthesis. Thus, particulariy prefen-ed ester lubricants of the invention are mixed ester compositions which comprise 
a plurality of compounds of Fomnula ill. 

[0044] Where a mixture of linear and branched alkanoic acids (or esterifiable derivatives thereof) are utilised in the 
synthesis of the ester, as is prefen-ed, the linear alkanoic acid(s) preferably constitutes at least 25 mole %, e.g from 
55 25 to 75 mole %, of the total amount of carboxylic acids used. In this way, at least 25 mole %, e.g. from 25 to 75 mole 
%, of the hydroxyl groups contained in the polyol or mixture of polyois may be reacted with the said linear alkanoic 
acid(s). 

[0045] Ester based lubricants comprising one or more compounds of Formula ill provide a particulariy good balance 



6 



EP 0 536 940 B1 



between the properties desired of a lubricant and, in particular, exhibit good thermal stability, good hydrolytic stability 
and acceptable solubility and miscibility with the heat transfer fluid. As stated previously, the present invention Is par- 
ticularly concerned with the provision of a working fluid conDpositlon which can replace the existing working fluid com- 
positions comprising R-22 or R-502 as the refrigerant. Refrigeration systems which contain replacements for R-22 and 
R-502 typically operate at temperatures above those using R-134a as the sole replacement refrigerant. Thus, it is 
particularly desirable that the lubricant which is used in a working fluid composition designed to replace the existing 
compositions based on R-22 and R-502 exhibits good thermal stability. 

[0046] Preferably, R2 is the hydrocarbon radical remaining after removing the hydroxyl groups from pentaerythritol 
or dipentaerythritol. 

[0047] Preferred linear and branched alkyi groups for R3 are those described above in connection with Ri and are 
derived by utilising the corresponding alkanoic acids or esterifiable derivatives thereof. 

[0048] An especially prefenred ester based lubricant comprises a mixed ester composition which comprises a plurality 
of esters of Formula III and which is the reaction product of pentaerythritol. heptanoic acid and a mixture of branched 
C8.10 alkanoic acids. Preferably, the heptanoic acid will constitute from 25 to 75 mole % of the total amount of acids 
utilised in the synthesis, with the branched C8.io acids constituting the remainder. Esterifiable derivatives of the acids 
may also be used in the synthesis of the ester. 

[0049] The lubricant will typically be part of a lubricant composition which also comprises one or more of the additives 
which are conventional In the refrigeration lubricants art. Specific mention may be made of oxidation resistance and 
thermal stability improvers, con^osion inhibitors, metal deactivators, viscosity index improvers, anti-wear agents and 
extreme pressure resistance additives. Such additives are well known to those skilled in the art. Where the lubricant 
is part of a lubricant composition containing one or more additives, such additives may be present in the amounts 
conventional in the art. Preferably, the cumulative weight of all the additives will not be more than 8 %, e.g. 5 %. of the 
total weight of the lubricant composition. 

[0050] Suitable oxidation resistance and thennal stability improvers may be selected from the diphenyl-, dinaphthyl-. 
and phenylnaphthyl-amines. the phenyl and naphthyl groups of which may be substituted. Specific examples include 
N.N'-diphenyl phenylenediamine. p-octyldiphenylamine. p.p-dioctyldiphenylamlne. N-phenyl1-naphthyl amine, N-phe- 
nyl-2-naphthyl amine. N-(p-dodecyl)-phenyI-2-naphthyl amine, dl-1-naphthyl amine, and di-2-naphthyl amine. Other 
suitable oxidation resistance and thermal stability improvers may be selected from the phenothiazines such as N- 
alkylphenothiazines, and the hindered phenols such as 6-{t-butyl) phenol. 2.6-di-(t-butyl) phenol. 4-methyl-2.6-di-(t- 
butyl) phenol and 4.4*-methylenebis(-2,6-di-[t-butyl] phenol). 

[0051] Suitable cuprous metal deactivators may be selected from imidazole, benzamidazole. 2-mercaptobenzthia- 
zole, 2.5-dimercaptothiadiazole, salicylidine-propylenediamine, pyrazole. benzotriazole, tolutriazole. 2-methylbenzam- 
idazole, 3.5-dlmethyl pyrazole. and methylene bis-benzotriazole. Examples of more general metal deactivators and/ 
or con^sion inhibitors include organic acids and the esters, metal salts and anhydrides thereof, such as N-oleyl-sar- 
coslne, sorbitan monooleate, lead naphthenate, dodecenyl-succinic acid and its partial esters and amides, and 4-no- 
nylphenoxy acetic acid; primary, secondary and tertiary aliphatic and cydoaliphatic amines and amine salts of organic 
and inorganic acids, such as oil soluble alkylammonium carboxylates; heterocydic nitrogen containing compounds, 
such as thiadiazoles. substituted imidazolines, and oxazolines; quinolines. quinones and anthraquinones; ester and 
amide derivatives of alkenyl succinic anhydrides or acids, dithiocarbamates. dithiophosphates; and amine salts of alkyI 
acid phosphates and their derivatives. 

[0052] Suitable viscosity index improvers include polymethacrylate polymers, copolymers of vinyl pyrrolidone and 
methacrylates. poly butene polymers, and copolymers of styrene and acrylates. 

[0053] Examples of suitable anti-wear and extreme pressure resistance agents include sulphurised fatty acids and 
fatty acid esters, such as sulphurised bctyl taliate; sulphurised, terpenes; sulphurised olefins; organopolysulphides; 
organo phosphorous derivatives including amine phosphates, alkyI acid phosphates, dialkyi phosphates, aminedithi^ 
©phosphates, trialkyi and triaryl phosphorothionates. trialkyl and triaryl phosphines. and dialkylphosphites'. e.g.. amine 
salts of phosphoric acid monohexyl ester, amine salts of dinonylnaphthalene sulphonate, triphenyl phosphate, trinaph- 
thyl phosphate, diphenyl cresyl and dicresyl phenyl phosphates, tricresyl phosphate, naphthyl diphenyl phosphate, 
triphenyiphosphorothionate; dithiocarbamates. such as an antimony dialkyi dithiocarbamate; chlorinated and/or fluor- 
Inated hydrocarbons, and xanthates. 

[0054] The working fluid compositions of the invention will typically comprise a major amount of the heat transfer 
fluid and a minor amount of the synthetic lubricant. Preferably, the worthing fluid compositions of the invention will 
comprise from 50 to 99 % by weight, more preferably from 70 to 99 % by weight, of the heat transfer fluid and from 1 
to 50 % by weight, more preferably from 1 to 30 % by weight, of the lubricant based on the total weight thereof. 
[0055] The working fluid compositions are useful in all types of compression cycle heat transfer devices. Thus, they 
may be used to provide cooling by a method involving condensing the heat transfer fluid and thereafter evaporating it 
in a heat exchange relationship with a body to be cooled. They may also be used to provide heating by a method 
involving condensing the heat transfer fluid in a heat exchange relationship with a body to be heated and thereafter 
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evaporating it. 

[0056] The working fluid compositions of the invention provide a good compromise between performance and low 
or zero ozone depletion. They are especially suitable for applications currently satisfied by refrigerants R-22 and R-502. 
[0057] The present invention Is now illustrated, but not limited, with reference to the following Examples. 
5 [0058] The working fluid compositions of the Invention which were investigated in the following Examples comprised 
a lubricant and a heat transfer fluid which was either a binary mixture of 1.1,1,2-tetrafluoroethane {R-134a) and dif- 
luoromethane (R-32) or a ternary mixture of 1 .1 . 1 ,2-tetrafluoroethane (R-1 34a). difluoromethane (R-32) and pentafluor- 
oethane (R-1 25). 

[0059] 1,1,1 ,2-tetrafluoroethane, difluoromethane and pentafluoroethane are at least partially soluble in each of the 
10 lubricants tested which means the converse Is true, i.e. each of the lubricants tested will be at least partially soluble In 
each of these hydrofluoroalkanes. Moreover, each lubricant tested Is at least partially soluble In the binary or ternary 
mixtures themselves. 

Example 1 

15 

[0060] in this Example various working fluid compositions were prepared comprising 15 % w/w of a lubricant and 
the complementary percentage of a heat transfer fluid comprising (by weight) equal proportions of R-1 34a and R-32. 
The lower miscibility temperature of each composition, i.e. the lowest temperature at which the lubricant remained 
miscible with the heat transfer fluid, was determined. The method employed was as follows: 

20 [0061] A set amount of the lubricant to be tested was placed in a previously evacuated thick walled test tube and 
the tube was then placed In a cooling bath regulated at the desired temperature. Once the tube was sufficiently cold, 
a set amount of the heat transfer fluid was condensed Into the test tube. The tube was then removed from the cooling 
bath and the contents allowed to warm to room temperature. After the contents had been allowed to equllibriate at 
room temperature, they were agitated and visually examined for evidence of phase separation (the mixture looks 

25 cloudy). If there was no evidence of phase separation, the temperature of the mixture was lowered in a cooling bath 
at a rate of 1 ""C per minute until phase separation was observed. The temperature at which phase separation was 
first observed was recorded as the lower miscibility temperature. 

[0062] The results are shown in Table 1 . Each lubricant Is at least partially soluble in each of the components of the 
heat transfer fluid and also in the fluid itself. 
30 [0063] The lower miscibility temperatures of a series of compositions comprising 15 % w/w of a lubricant and the 
complementary percentage of a single hydrofluoroalkane selected from R-1 34a, R-32 and R-1 25 were also determined. 
The compositions were prepared and the lower miscibility temperatures determined using the procedure described 
above. The results are shown in Table 1 A. In Table 1 A it will be noticed that the lower miscibility temperatures are in 
some cases quoted as being less than -60 ''C. This means that at -60 ""C phase separation was not observed. 

35 



TABLE 1 



LUBRICANT 


J.OWER MISCIBILITY TEMPERATURE (*»C) 


PE6 

"EMKARATE- (TM) RL-212 
"EMKARATE" (TM) RL-184 


-27 
-3 
>10 



TABLE 1A 



LUBRICANT 


LOWER MISCIBILITY TEMPERATURE (°C) 


R-1 34a 


R-32 


R-125 


PE6 


<.60 


0 


<-60 


"EMKARATE" (TM) RL-212 


-25 


>20 


<-60 


"EMKARATE" (TM) RL-184 


10 


>20 


<-60 



I - denotes immiscibility over the temperature range -50 °C to +20 *'C. 
PE6 is an ester of pentaerythritol and n-hexanoic acid. 

"EMKARATE" (TM) RL-212 is a commercially available ester based lubricant for use with R-1 34a obtainable from 
ICI Chemicals & Polymers Ltd. Specifically, the lubricant comprises an ester of trlmethylol propane and heptanoic 
acid. 

"EMKARATE" (TM) RL-184 is a commercially available ester based lubricant for use with R-1 34a obtainable from 
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ICI Chemicals & Polymers Ltd. Specifically, the lubricant comprises an ester of pentaerythritol, heptanoic acid and 

a mixture of branched Cq^^q alkanoic acids. 

"EMKARATE" is a trademark of ICI Chemicals & Polymers Ltd. 

5 Example 2 

[0064] In this Example a series of working fluid compositions were prepared comprising varying proportions of a 
lubricant comprising an ester of pentaerythritol and n-hexanoic acid and a heat transfer fluid comprising 70 % by weight 
of R-1 34a and 30 % by weight of R-32. The lubricant is at least partially soluble in each of the components of the heat 
10 transfer fluid and also in the fluid Itself. The lower miscibility temperature of each composition was detennined. The 
compositions were prepared and the lower miscibility temperatures detenmined using the procedure described in Ex- 
ample 1. 

[0065] The results are shown in Table 2. In Table 2 it will be noticed that the lower miscibility temperature of one of 
the compositions is quoted as being less than -50 **C. This means that at -50 *C phase separation was not observed. 

IS . , 



TABLE 2 



Working fluid composition 


Lower miscibility temperature (°C) 


% by weight of lubricant 


% by weight of heat transfer fluid 


10.8 


89.2 


-30 


20.3 


79.7 


-25 


27.5 


72.5 


-32 


36.9 


63.1 


-38 


46.0 


54.0 


-47 


68.0 


32.0 


<-50 



Example 3 

30 . [0066] In this Example a series of working fluid compositions were prepared comprising varying proportions of a 
lubricant and a heat transfer fluid comprising 70 % by weight of R-134a and 30 % by weight of R-32. The lubricant 
comprised an ester of dipentaerythrltol, n-hexanoic acid and a branched Cg carboxylic acid, i.e. a branched acid com- 
prising 6 carbon atoms, and is at least partially soluble in each of the components of the heat transfer fluid and also 
in the fluid itself. The lower miscibility temperature of each composition was again determined. The compositions were 

35 prepared and the lower miscibility temperatures determined using the procedure described In Example 1 . 

[0067] The results are shown In Table 3. In Table 3 it will be noticed that the lower miscibility temperature of one of 
the compositions is quoted as being less than -55 °C. This means that at -55 ^C phase separation was not observed. 



TABLE 3 



Working fluid composition 


Lower miscibility temperature (""C) 


% by weight of lubricant 


% by weight of heat transfer fluid 


10.0 


90.0 


-32 


17.3 


82.7 


-28 


38.0 


62.0 


-35 


46.2 


53.8 


-41 


57.8 


42.2 


Slightly immiscible at -55 


68.8 


31.2 


<-55 



SO 

Example 4 

[0068] In this Example a series of working fluid compositions were prepared comprising varying proportions of a 
lubricant and a heat transfer fluid comprising 70 % by weight of R-134a and 30 % by weight of R-32. The lubricant 
55 comprised a mixture of the lubricants used in Examples 2 and 3, i.e. a mixture comprising an ester of pentaerythritol 
and n-hexanoic acid and an ester of dipentaerythrltol, n-hexanbic acid and a branched Cg carboxylic acid, and is at 
least partially soluble in each of the components of the heat transfer fluid and also in the fluid itself. The lower miscibility 
temperature of each composition was again detemiined. The compositions were prepared and the lower miscibility 
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temperatures determined using the procedure described in Example 1 . 

[0069] The results are shown in Table 4. In Table 4 it will be noticed that the lower misciblllty temperature of one of 
the compositions is quoted as being less than -50 °C. This means that at -50 °C phase separation was not observed. 



TABLE 4 



Working fluid composition 


Lower misciblllty temperature (°C) 


% by weight of lubricant 


% by weight of heat transfer fluid 


10.5 


89.5 


-31 


19.7 


80.3 


-27 


28.9 


71.1 


-29 


41.1 


58.9 


-32 


48.0 


52.0 


-39 


55.2 


44.8 


-46 


69.7 


30.3 


<-50 



Example 5 

[0070] In this Example a series of working fluid compositions were prepared comprising varying proportions of a 
lubricant comprising an ester of pentaerythritol and n-hexanoic acid and a heat transfer fluid comprising 50 % by weight 
of R-134a, 30 % by weight of R-32 and 20 % by weight of R-125. The lubricant is at least partially soluble in each of 
the components of the heat transfer fluid and also in the fluid itself. The lower miscibility temperature of each composition 
was again determined. The compositions were prepared and the lower miscibility temperatures determined using the 
procedure described in Example 1. 

[0071] The results are shown in Table 5. In Table 5 it will be noticed that the lower miscibility temperature of some 
of the compositions is quoted as being less than -50 ''C. This means that at -50 °C phase separation was not observed. 



TABLE 5 



Working fluid composition 


Lower miscibility temperature (°C) 


% by weight of lubricant 


% by weight of heat transfer fluid 


10.2 


89.8 


<-50 


22.0 


78.0 


-48 


29.7 


70.3 


<-50 


41.6 


58.4 


<-50 


48.6 


51.4 


<-50 


60.7 


39,3 


<-50 



[0072] It will be appreciated that the binary mixtures of R-1 34a and R-32 and the ternary mixtures of R-1 34a. R-32 
and R-125 which form the subject of the above Examples can also be used in combination with other neopentyl polyol 
ester type lubricants to yield viable working fluid compositions. Moreover, binary mixtures of R-1 34a and R-32 and 
ternary mixtures of R-134a, R-32 and R-125 comprising different proportions of the constituent hydrofluoroalkanes to 
the mixtures exemplified above can. also be used in combination with neopentyl polyol ester type lubricants to yield 
viable working fluid compositions. 



Claims 

1 . A working fluid composition comprising: 

(A) a heat transfer fluid comprising a mixture of at least two hydrofluoroalkanes selected from the group con- 
sisting of difluoromethane. 1,1,1. 2-tetrafluoroethane and pentafluoroethane; and 

(B) a sufficient amount of a lubricant to provide for lubrication of a compressor wherein the lubricant is at least 
partially soluble in each component of the heat transfer fluid and comprises one or more compounds of general 
formula: 
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15 



20 



30 



35 



40 
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0 

II 

R(0 - C - R^) II 



wherein 



R is the hydrocarbon radical remaining after removing the hydroxy! groups from pentaerythritol, dipen- 
taerythritol. tripentaerythritol, trimethylol ethane, trimethylol propane or neopentyl glycol or the hydroxy! 
containing hydrocarbon radical remaining after removing a proportion of the hydroxy! groups from pen- 
taerythritol, dipentaerythritol, tripentaerythritol, trimethylol ethane, trimethylol propane or neopentyl glycol; 
each Ri is, independently. H. a straight chain (linear) aliphatic hydrocarby! group, a branched aliphatic 
hydrocarbyl group, or an aliphatic hydrocarbyl group (linear or branched) containing a carboxylic acid or 
carboxylic acid ester substituent, provided that at least one Ri group is a linear aliphatic hydrocarbyl group 
or a branched aliphatic hydrocarbyl group; and 
n Is an integer. 

A woricing fluid composition as claimed in claim 1 wherein the heat transfer fluid (A) is a binary mixture consisting 
essentially of 1,1,1.2-tetrafluoroethane and difluoromethane. 

3. A woricing fluid composition as claimed in claim 1 wherein the heat transfer fluid (A) comprises a mixture of: 

^5 (1) 1.1.1, 2-tetrafluoroethane; 

(2) difluoromethane; and • 

(3) pentafluoroethane. 



4. A woricing fluid composition as claimed in any one of claims 1 to 3 wherein the linear and branched hydrocarbyl 
groups specified for Ri are unsubstituted and the carboxylic acid or carboxylic acid ester containing hydrocarbyl 
group specified for R^ contains no other substituents. 

5. A woricing fluid composition as claimed in any one of claims 1 to 4 wherein the lubricant (B) comprises one or more 
compounds of Fonnula II in which R is the hydrocarbon radical remaining after removing the hydroxy! groups from 
pentaerythritol, dipentaerythritol, tripentaerythritol, trimethylol ethane, trimethylol propane or neopentyl glycol. 

6. A working fluid composition as claimed in claim 5 wherein the lubricant (B) comprises one or more compounds of 
Formula II in which R is the hydrocarbon radical remaining after removing the hydroxy! groups from pentaerythritol, 
dipentaerythritol, trimethylol propane or neopentyl glycol. 

7. A working fluid composition as claimed in claim 6 wherein the lubricant (B) comprises one or more compounds of 
Formula II in which R is the hydrocarbon radical remaining after removing the hydroxy! groups from pentaerythritol, 
dipentaerythritol or trimethylol propane. 

8. A woricing fluid composition as claimed in any one of claims 1 to 7 wherein the lubricant (B) comprises one or more 
compounds of Formula II in which each R1 Is. independently, a linear alkyi group or a branched alkyi group. 

9. A working fluid composition as claimed in claim 8 wherein at least one Ri group is a linear alkyi group. 

10. A woricing fluid composition as claimed in claim 8 or claim 9 wherein at least one Ri group is a linear alkyi group 
and at least one R'' group Is a branched alkyi group. 

1 1 . A woricing fluid composition as claimed in any one of claims 1 to 3 wherein the lubricant (B) comprises one or more 
esters of general formula: 
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45 



50 



R^(0 ' C - R^)p III 



wherein 



10 r2 is the hydrocarbon radical remaining after removing the hydroxyl groups from pentaerythrltol, dlpentaer- 

ythritol or trimethylol propane; 

each Is, independently, a linear alkyi group or a branched aikyi group; and 
p is an integer of 3, 4 or 6, 

15 wherein one or more of the named polyols, one or more linear alkanoic acids, or esterifiable derivatives thereof, 

and optionally one or more branched alkanoic acids, or esterifiable derivatives thereof, are utilised in the synthesis 
of the ester. 

12. A working fluid composition as claimed in claim 11 wherein a mixture of one or more linear alkanoic acids, or 
20 esterifiable derivatives thereof, and one or more branched alkanoic acids, or esterifiable derivatives thereof, are 

utilised in the synthesis of the ester. 

13. A working fluid composition as claimed In claim 11 or claim 12 wherein the lubricant comprises one or more com- 
pounds of Formula 111 in which is the hydrocarbon radical remaining after removing the hydroxyl groups from 

25 pentaerythritol or dipentaerythritol. 

14. A heat transfer device containing the working fluid composition claimed in any one of claims 1 to 13. 

15. The use in a heat transfer device of the working fluid composition claimed in any one of claims 1 to 13. 

30 

Patentanspruche 

1 . Zusammensetzung fur Arbeitsflussigkeiten. die das Folgende umfasst: 

35 

(A) eine Warmetransferflussigkeit, die eine Mischung von wenigstens zwei Wasserstofffluoralkanen umfasst, 
welche aus der aus Oifluormethan. 1 ,1,1,2-Tetrafluorethan und Pentafluroethan bestehenden Gruppe ausge- 
wahlt sind; und 

40 (B) eine hinreichende Menge eines Schmiermittels, um die Schmierung eines Kompressors vorzusehen, wobei 

das Schmiermittel wenigstens teilweise in jeder Komponente der Warmetransferflussigkeit loslich ist und eine 
Oder mehrere Verbindungen der allgemeinen Formel umfasst: 



0 

R{0 - C • R^)„ " 



wonn 

R gteich der Kohlenwasserstoffrest ist, der nach Entfemung der Mydroxylgruppen von Pentaerythrit, Di- 
pentaerythrit, Tripentaerythrit, Trimethylolethan, Trimethylolpropan Oder Neopentylglykol verbleibt, Oder 
55 gleich der hydroxylhaltige Kohlenwasserstoffrest ist, der nach Entfernung eines Toils der Hydroxylgruppen 

von Pentaerythrit, Dipentaerythrit. Tripentaerythrit, Trimethylolethan, Trimehtylolpropan Oder Neopentyl- 
glykol verbleibt. 
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jeweiis unabhanglger Weise gleich H. ein geradkettiger (linearer) aliphatischer Kohlenwasserstoffrest, 
ein verzweigter aliphatischer Kohlenwasserstoffrest oder ein aliphatischer Kohlenwasserstoffrest (linear 
Oder verzweigt). der einen Carbonsaure- oder Carbonsaureestersubstltuenten enthSIt, unter der Voraus- 
setzung ist, dass wenigstens ein Ri-Rest ein linearer aliphatischer Kohlenwasserstoffrest oder ein ver- 
zweigter aliphatischer Kohlenwasserstoffrest ist; und 

n gleich eine ganze Zahl ist. 

2. Zusammensetzung fur Arbeitsflussigkeiten gemaR Anspruch 1 . wobei die Warmetransferflussigkeit (A) eine binare 
Mischung ist, die im Wesentlichen aus 1,1,1,2-Tetrafluorethan und Difluormethan besteht. 

3. Zusammensetzung fur Arbeitsflussigkeiten gemaB Anspruch 1 . wobei die Warmetransferflussigkeit (A) eine Mi- 
schung aus den folgenden Verbindungen umfasst: 

(1 ) 1 . 1 ,1 ,2-Tetrafluorethan; 

(2) Difluormethan; und 

(3) Pentafluorethan. 

4. Zusammensetzung fur Arbeitsflussigkeiten gemaR irgendeinem der Anspruche 1 bis 3, wobei die fCir spezifi- 
zierten linearen und verzweigten Kohlenwasserstoffreste unsubstituiert sind und der fur Ri spezifizierte carbon- 
saure- oder carbonsaureesterhaltige Kohlenwasserstoffrest keine anderen Substituenten enthalt. 

5. Zusammensetzung fur Arbeitsflussigkeiten gemaB Irgendeinem der Anspruche 1 bis 4, wobei das Schmiermittel 
(B) eine oder mehrere Verbindungen der Forme! II umfasst, in der R gleich der Kohlenwasserstoffrest ist, der nach 
Entfemung der Hydroxylgruppen von Pentaerythrit. Dipentaerythrit, Tripentaerythrit. Trimethylolethan, Trimethy- 
loipropan oder Neopentylglykol verbleibt. 

6. Zusammensetzung fur Arbeitsflussigkeiten gemaB Anspmch 5, wobei das Schniiermlttel (B) eine oder mehrere 
Verbindungen der Formel II umfasst. in der R gleich der Kohlenwasserstoffrest ist, der nach Entfernung der Hy-. 
droxylgruppen von Pentaerythrit, Dipentaerythrit, Trimethylolpropan oder Neopentylglykol verbleibt. 

7. Zusammensetzung fur Arbeitsflussigkeiten gemaB Anspruch 6. wobei das Schmiermittel (B) eine oder mehrere 
Verbindungen der Formel II umfasst, in der R gleich ein Kohlenwasserstoffrest ist, der nach Entfemung der Hy- 
droxylgruppen von Pentaerythrit. Dipentaerythrit, oder Trimethylolpropan verbleibt. 

8. Zusammensetzung fur Arbeitsflussigkeiten gemali irgendeinem der Anspruche 1 bis 7, wobei das Schmiermittel 
(B) eine oder mehrere Verbindungen der Formel II umfasst, in der R^ unabhangiger Weise gleich ein linearer 
Alkylrest oder ein verzweigter Alkylrest ist. 

9. Zusammensetzung fur Arbeitsflussigkeiten gemafi Anspruch 8, wobei wenigstens ein R^-Rest ein linearer Alkylrest 
ist. 

10. Zusammensetzung fur Arbeitsflussigkeiten gemafi Anspruch 8 Oder Anspruch 9. wobei wenigstens ein R^-Rest 
ein linearer Alkylrest und wenigstens ein R^-Rest ein verzweigter Alkylrest ist. 

11. Zusammensetzung fur Arbeitsflussigkeiten gemaR irgendeinem der Anspruche 1 bis 3. wobei das Schmiermittel 
(B) einen oder mehrere Ester der allgemeinen Fomiel umfasst: 



0 



R^o-c-R^)p in 

worin 

R2 gleich der Kohlenwasserstoffrest ist. der nach Entfernung der Hydroxylgruppen von Pentaerythrit, Dipen- 
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taerythrit Oder Trlmethylolpropan verbleibt; 

R3 jeweils unabhangiger Weise gleich ein linearer Alkylrest Oder ein verzwelgter Alkylrest ist; und 
p gteich eine ganze Zahl von 3, 4 Oder 6 ist, 

wobei eines oder mehrere der genannten Polyole, eine oder mehrere der linearen AlkansSuren, Oder deren ver- 
esterbaren Derivate, und wahlweise eine oder mehrere der verzweigten AlkansSuren, oder deren veresterbaren 
Derivate. zur Synthese des Esters verwendet werden. 

12. Zusammensetzung fur Arbertsflussigkeiten gemafi Anspruch 11. wobei eine Mischung aus einer oder mehreren 
linearen Alkansauren. oder deren veresterbaren Derivaten, und einer oder mehreren verzweigten Alkansauren, 
Oder deren veresterbaren Derivaten, zur Synthese des Esters verwendet werden. 

13. Zusammensetzung fur Arbeitsflussigkeiten gemali Anspruch 11 oder Anspruch 12. wobei das Schmiermittel eine 
Oder mehrere Verbindungen der Formel 111 umfasst. in der R2 gleich der Kohlenwasserstoffrest ist, der nach Ent- 
fernung der Hydroxylgruppen von Pentaerythrit oder Dipentaerythrit verbleibt. 

14. Warmetransfervorrichtung. weiche die Zusammensetzung fur Arbeitsflussigkeiten gemSS irgendeinem der An- 
spruche 1 bis 13 enthalt 

15. Verwendung der Zusammensetzung fur Arbeitsflussigkeiten gemSB irgendeinem der Anspriiche 1 bis 13 in einer 
Warmetransfervorrichtung. 

Revendications 

1 , Composition de fluide de travail comprenant : 

(A) un fluide caloporteur comprenant un melange d'au moins deux hydrofluoroalcanes choisis dans le groupe 
consistant en difluorom6thane, 1 .1 .1 .2-t6trafluoroethane et pentafluoroethane : et 

(B) una quantit6 suffisante d'un lubrifiant pour fournir la lubrification d'un compresseur ou le lubrifiant est au 
moins partiellement soluble dans chacun des composants du fluide caloporteur et comprend un ou plusieurs 
composes de formule g^n^rale : 

0 

II 

R(0-C-R')„ (II) 

dans laqueile : 

R est le radical hydrocarbon^ restant apr^s elimination des groupes hydroxy provenant du penta6rythritol. 
du dipenta6rythritoI, du tripenta^rythritol. du trimethylol ethane, du trim§thylol propane ou du n6opentyl 
glycol, ou bien le radical hydrocarbone contenant un groupe hydroxy restant apres elimination d'une partie 
des groupes hydroxy provenant du pentaerythritol. du dipentaerythritol, du tripenta6rythritol, du trimethylol 
6thane. du trimethylol propane ou du n6opentyl glycol ; 

chaque R^ est independamment, un atome d'hydrogfene, un groupe hydrocarbyle aliphatique k chame 
droite (lineaire). un groupe hydrocarbyle aliphatique ramifi6 ou un groupe hydrocarbyle aliphatique (lineal- 
re ou ramifie) contenant un substituant acide carboxylique ou ester d'acide carboxylique, a condition qu'au 
moins I'un des groupes R^ soit un groupe hydrocarbyle aliphatique Iin6aire ou un groupe hydrocarbyle 
aliphatique ramifi^ ; et 
n est un entier. 

2. Composition de fluide de travail suivant la revendication 1 . dans laqueile le fluide caloporteur (A) est un melange 
binaire consistant essentiellement en 1,1,1.2-t6trafluoroethane et difluoromethane. 
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3. Composition de fluide de travail suivant la revendication 1. dans taquelle le fluide caloporteur (A) comprend un 
melange de : 

(1) 1,1,1 ,2.-tetrafluoroethane; 

(2) drfluoromethane; et 

(3) pentafluoro^thane. 

4. Composition de fluide de travail suivant I'une quelconque des revendicatlons 1 a 3, dans laquelle les groupes 
hydrocarbyles iineaires et ramifies specifies pour R1 ne sont pas substitues et le groupe hydrocarbyle contenant 
racide carboxylique ou I'ester d'acide carboxylique specif ie pour Ri ne contient aucun autre substituant.. 

5. Composition de fluide de travail suivant t'une quelconque des revendicatlons 1 d 4. dans laquelle le lubrifiant (B) 
comprend un ou plusieurs composes de Formule II dans laquelle R est le radical hydrocarbone restant apres 
Elimination des groupes hydroxy provenant du pentaerythritol, du dipenta6rythritol. du tripenta§rythritol. du trlm6- 
thylol 6thane, du trimethylol propane ou du neopentyl glycol. 

6. Composition de fluide de travail suivant la revendication 5. dans laquelle le lubrifiant (B) comprend un ou plusieurs 
composes de Fonnule II dans laquelle R est le radical hydrocarbon^ restant aprfes Elimination des groupes hydroxy 
provenant du pentaErythritol. du dipentaErythritol, du trimEthylol propane ou du nEopentyl glycol. 

7. Composition de fluide de travail suivant la revendication 6. dans laquelle le lubrifiant (B) comprend un ou plusieurs 
composes de Formule II dans laquelle R est le radical hydrocarbon^ restant apres Elimination des groupes hydroxy 
provenant du pentaerythritol. du dipentaErythritol ou du trimethylol propane. 

8. Composition de fluide de travail suivant Tune quelconque des revendications 1 a 7, dans laquelle le lubrifiant (B) 
comprend un ou plusieurs composes de Formule II dans laquelle chaque Ri est. indEpendamment. un groupe: 
alkyle lineaire ou un groupe alkyle ramifiE. 

9. Composition de fluide de travail suivant la revendication 8. dans laquelle au moins I'un des groupes R^ est un 
groupe alkyle linEaire. 

10. Composition de fluide de travail suivant la revendication 8 ou la revendication 9. dans laquelle au moins Fun des 
groupes Ri est un groupe alkyle linEaire et au moins I'un des groupes R^ est un groupe alkyle ramifiE. 

11. Composition de fluide de travail suivant Tune quelconque des revendications 1 a 3, dans laquelle le lubrifiant (B) 
comprend un ou plusieurs esters de formule gEnErale : 



0 

R^(0 C - R^)p 



(III) 



dans laquelle : 

R2 est le radical hydrocarbone restant apres Elimination des groupes hydroxy provenant du pentaErythritol. 
du dipentaErythritol ou du trimethylol propane ; 

chaque R3 est indEpendamment un groupe alkyle linEaire ou un groupe alkyle ramifiE; et 
p est un entier de 3, 4 ou 6, 

oCi run ou plusieurs des polyols nommEs, Pun ou plusieurs acides alcanoiques Iin6aires ou dErivEs estErifiables 
de ceux-ci, et Eventuellement un ou plusieurs acides alcanoiques ramifiEs. ou dErivEs estErifiables de ceux-ci 
sont utIlisEs dans la synthEse de Tester. 

12. Composition de fluide de travail suivant la . revendication 11. dans laquelle un mElange d'un ou plusieurs acides 
alcanoiques linEaires, ou dErivEs estErifiables de ceux-ci, et un ou plusieurs acides alcanoYques ramifiEs. ou dE- 
rivEs estErifiables de ceux-ci, sont utilisEs dans la synthEse de Tester. 
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13. Composition de fluide de travail suivant la revendication 1 1 ou la revendication 12, dans laquelle le lubrifiant com- 
prend un ou plusieurs composes de Formule III dans laquelle est ie radical hydrocarbon^ restant apr^s Elimi- 
nation des groupes hydroxy provenant du penta^rythritol ou du dipentaerythritol. 

14. DIspositif de transfert thermlque contenant la composition de fluide de travail suivant I'une quelconque des reven- 
dications 1 d 13. 

1 5. Utilisation dans un dispositif de transfert thennique de la composition de fluide de travail suivant I'une quelconque 
des revendlcations 1 d 13. 
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